Background/Aims: Interferon regulatory factor 1(IRF-1) and high mobility group box 1(HMGB1) have been independently identified as being key players in hepatic ischemiareperfusion injury (IRI). We attempted to determine whether IRF-1 activates autophagy to aggravate hepatic IRI by increasing HMGB1 release. Methods: The hepatic IRI model was generated in C57BL/6 mice, euthanized at 2, 6, 12 or 24 h after reperfusion. To examine the effects of HMGB1 release inhibition, Glycyrrhiza acid (GA) was administered to the mice and at six hours after injectiont. AML12 cells were immersed in mineral oil for 90 min and then cultured in complete Dulbecco's Modified Eagle's Medium (DMEM)/F12 to simulate IRI. AML12 cells were treated with IRF-1 siRNA, Ad-IRF-1 or GA. The serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT), as well as histological changes were examined. Next, autophagic vacuoles were detected by transmission electron microscopy (TEM) or LC3 dots. The expression of IRF-1 and HMGB1 mRNA were measured by real-time polymerase chain reaction. The expression of IRF-1, microtubule-associated protein 1 light chain 3 (LC3), Bcl-2, Beclin 1, HMGB1 were detected by western blotting or immunohistochemistry. Results: The levels of hepatic IRF-1, mRNA and protein were significantly increased in livers after exposure to IRI, together with, IRI-induced increase of HMGB1 mRNA and release of HMGB1 in liver tissue. Knockout of IRF-1 decreased expression and release of HMGB1 in liver, and inhibiting the release of HMGB1 could alleviate hepatic IRI. In addition, knockout of IRF-1 downregulated LC3II and Beclin1, while number of autophagosomes or LC3 dots were increased. Up-regulating IRF-1 expression could increase the levels of LC3Ⅱ expression in AML12 cells after exposure to IRI. The levels of HMGB1 in Ad-IRF-1 transfected AML12 cell supernatants increased, together with number of LC3 dots increasing. However, GA could inhibit both Ad-IRF-1 induced HMGB1 release and the increase in the number of LC3 dots. Conclusions: IRF-1 activates autophagy to aggravate hepatic IRI by increasing HMGB1 release.
Introduction
Hepatic ischemia-reperfusion injury (IRI), a condition in which hypoxia is accentuated following the ensuing reperfusion of blood flow and oxygen delivery, is an inevitable complication associated with liver transplantation, partial hepatectomy and hypovolemic shock [1] [2] [3] . This pathogenesis predisposes grafts to both short-and long-term dysfunction and contributes to poor prognosis and patient survival. Many attempts have been undertaken to ameliorate hepatic IRI, including ischemia preconditioning, pharmacological and surgical manipulations and gene therapies. However, despite advances in graft managements, the mechanisms of IRI remain largely unknown [4] .
Autophagy is a highly conserved intracellular process in which impaired proteins or organelles are engulfed by double-membraned autophagosomes and transported to lysosomes for degradation. The presence of basal levels of autophagy ensures that cells are capable of digesting cytoplasmic materials to meet energy demands in stressful conditions such as starvation or hypoxia. However, undisciplined autophagy, which can occur under extreme conditions such as following acute organ injury or reperfusion insult, can produce an accumulation of autophagic vacuoles, which may then predispose the cells to death [5] . It has been hypothesized that excessive autophagy, due to its relatively non-specific degradative actions, may devour organelles that are essential for protection against cell failure. Of particular relevance to the present report are findings suggesting that increased autophagy may lead to an increased susceptibility of livers to IRI. Such findings indicate a potentially novel strategy to ameliorate the effects of IRI, as could be achieved by modulating levels of autophagy [6] .
Interferon regulatory factor-1 (IRF-1) is one of a family of highly conserved transcriptional factors that regulates the expression of certain genes involved in innate and acquired immunity. IRF-1 as related to hepatic IRI and found that IRF-1 exerts a detrimental role in hepatic IRI by modulating the expression of multiple inflammatory mediators [7] . The significance of these findings was the identification of a novel target for use in protection of livers against IRI. Originally identified as a transcriptional activator of IFN-β and IFN-α genes, IRF-1 was subsequently demonstrated to play a critical role in the development of IRI [8] . Complementing these findings were results from IRF-1 gene knockout mice, which showed their livers to be protected from IRI.
High mobility group box-1 (HMGB1) is a nuclear non-histone chromatin-binding protein, which maintains nucleosomal structure and stability, and regulats gene transcription [9] . In mammalian cells, HMGB1 can be actively secreted extracellularly in response to external stimuli, such as lipopolysaccharide (LPS) and TNF-α, or it can be passively released from necrotic cells. Intracellular HMGB1 plays a role in a number of fundamental cellular processes such as transcription, replication, DNA repair, and recombination [10] . When secreted extracellularly, HMGB1 is associated with increased mortality in animal models of sepsis and in septic patients, while inhibition of HMGB1 activity protects animals from lethal doses of LPS and reduces injurious ventilation-induced lung inflammation [11] . It has also been reported that extracellular HMGB1 may interact with TLR and or receptors for advanced glycation end products (RAGE), leading to activation of the MAPK p38 signaling pathway.
Under normal conditions, autophagy clears long-lived proteins, dysfunctional organelles and generates substrates for adenosine triphosphate production during periods of starvation and other types of cellular stress. Interestingly, HMGB1 has been shown to be a critical regulator of autophagy [12] . Stimuli that enhance reactive oxygen species promote cytosolic translocation of HMGB1 and thereby enhance autophagic flux. HMGB1 directly interacts with the autophagy protein Beclin1, and displaces Bcl-2. Mutation of cysteine 106 (C106), but not the vicinal C23 and C45 of HMGB1, promotes cytosolic localization and sustained autophagy. Further evidence demonstrating a role for HMGB1 in autophagy has been provided from a study showing that a pharmacological inhibition of HMGB1 cytoplasmic translocation, as achieved with the use of ethyl pyruvate, limits starvation-induced autophagy [13] .
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Cellular Physiology and Biochemistry HMGB1 and IRF-1 have been independently identified as being key players in IRI. IRF-1, which contributes to hepatocellular release of HMGB1, is a necessary component for HMGB1 release in response to hypoxia or after liver IRI. Taken together, these findings study suggest that IRI-induced release of acetylated HMGB1 is a process that is dependent on TLR4-mediated upregulation of IRF-1 [14] .
In this study, we attempt to determine whether IRF-1 modulates autophagy and thus promotes hepatic IRI. Specifically, IRF-1 expression was either upregulated or downregulated to examine its effects on HMGB1 release as related to the regulation of autophagy in hepatic IRI. Our data indicate that IRF-1 activates autophagy to aggravate hepatic IRI by increasing HMGB1 release. 
Materials and Methods

Animals
Reagents
Dulbecco's modified eagle's medium/F-12 (DMEM/F-12) and fetal bovine serum (FBS) were purchased from Gibco. Glycyrrhizin Acid (GA) was obtained from Xi'an Haoxuan Biotechnology Co. Ltd., (Xi'an, China) IRF-1 siRNAs and siRNA-NC (negative control) were purchased from RiboBio Co., Ltd.. Trizol and lipofectamine TM 3000 were obtained from Invitrogen. Rabbit Abs specific for IRF-1, microtubule-associated protein 1 light chain 3 (LC3), Bcl-2, Beclin 1, HMGB1, β-actin and horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibody were purchased from Cell Signaling Technology Inc.
Hepatic IR model
Mice were permitted free access to water but were food restricted on the night before surgery. Following anesthesia with sodium chloral hydrate (30 mg/kg, ip), a non-lethal model of segmental (70%) hepatic warm ischemia and reperfusion was administered as described previously. After laparotomy, an atraumatic vascular clip was used to interrupt blood supply to the median and left lateral lobes of the liver, resulting in a 70% hepatic ischemia for 90 min. Reperfusion was initiated by removal of the clip. Sham control mice underwent the same procedure without vascular occlusion. Mice were euthanized at2, 6, 12 or 24 h after reperfusion. Blood and liver tissues were collected for analysis.
To examine the effects of HMGB1 release inhibition, GA (30 mg/kg, i.p.) was administered to the mice and at six hours after injection, mice were subjected to the IR treatment.
Serum ALT, TNF-αand HMGB1 levels
Blood samples obtained from IRI mice were centrifuged at 3000 rpm for 15 min. Supernatants were collected and assayed for serum alanine aminotransferase (ALT) and aspartate transaminase (AST) levels using a standard automatic biochemistry analyzer. Serum samples were also analyzed for TNF-α levels using an enzyme-linked immunosorbent assay (ELISA) kit (Elabscience). An ELISA was also used to determine serum HMGB1 according to the manufacturer's protocol (R&D Systems).
Liver histopathology
Liver parenchymas were fixed in formalin, embedded in paraffin, sectioned into 4-μm-thick sections, and stained with hematoxylin-eosin (H&E).
Cell culture and treatment
The α-mouse liver 12 (AML12) cell line was purchased from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences. Cells were cultured in DMEM/F-12, supplemented with 10% Cellular Physiology and Biochemistry
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FBS plus 100 U/ml penicillin and 100 μg/ml streptomycin (Solarbio). The GA was used to inhibit HMGB1 release in AML12 cells. For IRF-1 down-regulation, siRNA (F: 5'-GUAAGGAGGAGCCAGAAAU dTdT-3', R: 3'-dTdT CAUUC CUCCUCGGUCUUUA-5') was transfected into AML12 cells. Moreover, AML12 cells were transfected with Ad-IRF-1 or Ad-GFP (Hanbio) according to the instruction manual. After transfection, cells were transferred to a sealed pneumatorexis incubator to simulate IR conditions. The ischemia time was 90 min followed by a 12 h period of reperfusion.
Immunohistochemistry Sections (4-μm-thick) were deparaffined and hydrated before antigen retrieval in 10 mM citric acid buffer. AML12 cells were inoculated in coverslips fixed in twelve-well plates. After rinsing with PBS, cells were fixed in 10% formalin for 30 min and incubated in 1% triton X-100 for 15 min. After eliminating endogenous peroxidase activity with 3% hydrogen peroxide in deionized water for 15 min, specimens were rinsed with PBS, then incubated with primary rabbit anti-HMGB1 (1:200) at 4℃ overnight. Specimens were washed with PBS and incubated with HRP-conjugated secondary antibody for 1 h on the following day. The conjugation reaction was facilitated by HRP-conjugated streptavidin and then visualized by diaminobenzidine (DAB, ZSGB-BIO). Images were obtained using bright-field microscopy.
Transmission Electron Microscopy (TEM)
Livers and cell samples were placed in 1% glutaraldehyde and post-fixed with 2% osmium tetroxide. Sections or cell pellets were embedded in epon resin. The data were quantified by counting the number of autophagosomes per cross-sectioned cell.
Immunofluorescence AML12 cells were cultured in 6-well plates to 60-70% confluence. To further detect autophagy induction, cells were transfected with tandem GFP-LC3 adenovirus (Hanbio) according to the instruction manual.
QRT-PCR
Total RNA was extracted by RNAiso Plus (Takara). The PrimeScript 1st Strand cDNA Synthesis Kit (Takara) was used to synthesize total cDNA in a 20 μl reaction system. According to the 2×Taq PCR MasterMix real-time PCR kit (Aidlab), 1μg cDNA was recommended as a template in the 25 μl reaction system of the PCR. The specific primers (Sangon) used were as follows: IRF-1 WT (F: 5'-TCCCATGTTCCAATGCTCGGT-3', R: 5'-GCCCTTGT TCCTACTCTGATCCTTC-3'), IRF-1 KO (F: 5'-TCCCATGTTCCAATGCTCGGT-3', R: 5'-AG GCATCCTTGTTGATGTCCCA-3'), HMGB1 (F: 5'-GCATCCTGGCTTATCCATTGG', R: 5'-GGCTGCTTGTCATCTGCTG-3'), GAPDH (F: 5'-AGGTCGGTGTGAACGGATTTG-3', R: 5'-T GTAGACCATGTAGTTGAGGTCA-3'). For real-time PCR, the reactions were performed on the 7000 Sequence Detection System (Applied Biosystems). Relative expressions were calculated as ratios normalized by GAPDH using the 2 -∆∆Ct method. The experiments were repeated at least three times.
Western blot analysis
Frozen liver tissue and AML12 cells were homogenized in RIPA lysis buffer and fully dissociated. The mixture was centrifuged at 12000 rpm for 20 min. The supernatant was collected. Protein concentrations were determined using the bicinchoninic acid (BCA) protein assay kit (Solarbio). Samples were mixed with loading buffer and run on a 12% sodium dodecylsulfate-polyacrylamide gel (SDS-PAGE). The proteins were transferred to polyvinylidene fluoride (PVDF) membranes. Membranes were blocked in 5% skim milk for 1 h and then incubated at 4℃ overnight with primary antibodies for IRF-1, LC3, Bcl-2, Beclin 1 and β-actin. After being washed with TBST and incubated with the HRP-conjugated secondary antibody for 1 h at room temperature, membranes were washed and developed with the Super Signal detection system (Pierce Chemical) and exposed to film. The experiments were repeated at least three times.
Statistical analysis
All of the experiments were repeated at least three times. Data are presented as the mean ± SD. Analysis of variance (ANOVA) or Student's t test were used to examine potential differences performed for the parameters of ALT levels, optical density of protein and photometric values. SPSS 22.0 software
Results
IR-induced an increase in IRF-1 and release of HMGB1 in mice livers
As shown in Fig. 1A , histological examination of livers revealed extensive areas of sinusoidal congestion and ballooning degeneration after exposure to IR. Severe sinusoidal stenosis and patchy necrosis were present within 12 h after reperfusion. Consistently, serum ALT and AST levels increased significantly (P<0.05) and peaked at 12 h after reperfusion as compared with that of the sham group (Fig. 1B and C) . Serum levels of TNF-α were also significantly increased (P<0.05) after reperfusion and peaked at 6 h (Fig. 1D) . Serum levels of HMGB1 increased significantly (P<0.05) after reperfusion as compared with that of the sham group (Fig. 1E) . To determine whether this injury was associated with changes in IRF-1 expression, we examined levels of IRF-1 mRNA and protein expressions. As shown in Fig. 1F , the levels of hepatic IRF-1 mRNA significantly increased (P<0.05) after reperfusion, and IRF-1 protein was also up-regulated in livers after exposure to IR (Fig. 1G) . At the same time, the levels of HMGB1 mRNA increased (Fig. 1H, P<0 .05) after reperfusion, and HMGB1 protein was also up-regulated and HMGB1 release was increasing in livers after exposure to IR (Fig.  1I) . As shown in the in vivo mouse model, IR-induced increase of IRF-1 and HMGB1 mRNA and release of HMGB1 in liver tissue.
Knockout of IRF-1 decreases HMGB1 protein and release of HMGB1 in liver
IRI appeared to be ameliorated in IRF-1 KO mice as assessed by H&E staining (Fig. 2A) . This effect was associated with significantly decreased (P<0.01) serum ALT levels in IRF-1 KO versus WT mice (Fig. 2B and C) . Compared with the WT group, levels of HMGB1 mRNA 
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were decreased in the IRF-1 KO group (Fig. 2D) . Knockout of IRF-1 decreased HMGB1 protein and release of HMGB1 in liver tissues (Fig. 2E) . Serum level of HMGB1 were significantly decreased in the IRF-1 KO group (P<0.05) after reperfusion as compared with that of the WT group (Fig. 2F) .
Effects of IRF-1 deficiency on autophagy
As shown in Fig. 3A , the expression of LC3II was up-regulated as a function of time following reperfusion. Next, we evaluated autophagic vacuoles using TEM. Auto phagosomes, which contained partially degraded cytoplasmic material, were clearly observed with TEM ( Fig. 3B and C) . The basal number of autophagosomes within the IR group was increased relative to the sham group (P < 0.001). Results from TEM revealed a decrease in autophagic signaling, with bare autophagic vacuoles being present in livers of IRF-1 KO mice after exposure to IR (P<0.001, Fig. 3E and F).
Inhibiting release of HMGB1 alleviates hepatic IRI
Treating mice with GA, inhibited IR-induced hepatocyte edema, congestion and apoptosis as compared with that of the non-GA treated IR group (Fig. 4A) . Moreover, serum AST and ALT levels in the GA-treated group were decreased relative to that observed in the The expression of HMGB1 mRNA in IRF-1 KO mouse livers subjected to WT mouse as determined by qRT-PCR; E: Immunohistochemistry for HMGB1 in mouse liver; F: The HMGB1 levels in WT and IRF-1 KO mice; *P<0.05, **P<0.01 vs WT group. Every experiment was repeated three times. Fig. 3 . Effects of IRF-1 deficiency on autophagy. A: IR treatment increases the LC3Ⅱdetected by western blot in liver relative to the sham group; B: TEM images of mouse hepatocytes after ischemia followed by reperfusion (autophagosomes, red arrow); C: The data were quantified by counting the number of autophagosomes per crosssectioned cell, ***P<0.01 vs sham group; D: The expression of HMGB1 mRNA in IRF-1 KO mouse livers subjected to WT mouse as determined by qRT-PCR; E: TEM images of IRF-1 KO mouse hepatocytes after ischemia followed by reperfusion (autophagosomes, red arrow); F: The data were quantified by counting the number of autophagosomes per cross-sectioned cell; ***P<0.001 vs WT group. Every experiment was repeated three times.
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IR group (Fig. 4B and C) . Compared with IR group, levels of HMGB1 mRNA were unchanged in GA group (Fig. 4D ). GA treatment resulted in an increase in HMGB1 protein, while inhibiting the release of HMGB1 in liver tissues (Fig. 4E) . Moreover, serum levels of HMGB1 were significantly decreased significantly (P<0.001) in the GA group after reperfusion as compared with that observed in the IR group (Fig. 4F) .
IRF-1 activates autophagy by increasing HMGB1 release
The presence of LC3Ⅱimmunostaining indicates that IRF-1 expression was down regulated in these IRI livers. Associated with this effect was a down-regulation in levels of LC3Ⅱ and Beclin1 expression, but an up-regulation in the levels of Bcl-2 expression (Fig.  5A) . IRF-1 siRNA pretreatment also decreased the levels of LC3Ⅱ expression in AML12 cells after exposure to IR. In accordance with these findings, images from immunofluorescence confirmed that decreased levels of autophagosomes were present in the presence of IRF-1 siRNA as compared with the siRNA-NC condition (P<0.001, Fig. 5B and C) . Moreover, levels of HMGB1 in GA treated AML12 cell supernatants decreased significantly (P<0.001) after reperfusion as compared with that of the IR group (Fig. 5D) . The images from immunofluorescence confirmed that a decreased amount of autophagosomes were present in GA treated AML12 cells as compared with those exposed to IR alone (P<0.001, Fig. 5E and F). For showing a direct link between IRF-1 and HMGB1 in activating autophagy, we transfected AML12 cells with Ad-IRF-1 or Ad-GFP, and The GA was used to inhibit HMGB1 release in AML12 cells. Up-regulating IRF-1 expression could increase the levels of LC3Ⅱ expression in AML12 cells after exposure to IR. The levels of HMGB1 in Ad-IRF-1 transfected AML12 cell supernatants increased significantly (P<0.001), with the number of LC3 dots increasing significantly (P<0.001) at same time. However, GA could inhibit both Ad-IRF-1 induced HMGB1 release and the increase in the number of LC3 dots (P<0.001).
Discussion
Autophagy is regarded as a natural and essential defense mechanism against inflammation, damnification and oncotherapy [15] . Hence activation of autophagic pathways have been implicated in the pathogenesis of numerous human diseases. Recently, a considerable amount of attention has been focused on autophagy and liver diseases as related to liver ischemia-reperfusion [16] . Our previous research was directed toward examining the role of IRF-1 in regulating autophagy to aggravation on hepatic IRI as coupled with IRF-1. We also found that IRF-1 was up-regulated during hepatic IRI and was associated with an activation of the autophagic signaling [17] . In this study, we report that IRF-1 was 
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry upregulated in mouse livers subjected to IR, an effect which was accompanied by a significant increase in serum HMGB1 levels. In this vivo mouse model, we now show that IR-induced an increase in HMGB1 mRNA and release of HMGB1 in liver tissues. These data reveal a clear relationship between IRF-1 and HMGB1in hepatic IRI. HMGB1, a non-histone nuclear protein, is mainly expressed in the nuclei of eukaryotic cells and plays an important role in the regulation of transcription [3, 5, 18, 19] . HMGB1 can be either actively or passively released into the extracellular milieu, where it acts as an essential damage-associated molecular pattern (DAMP) molecule, In this state, it can activate proinflammatory signaling pathways by interacting with certain pattern recognition receptors, such as Toll-like receptor and the receptor for advanced glycation end-products (RAGE) [20] . Recent evidence has provided support of the notion that HMGB1 is an early critical mediator of injury and inflammation following IR [14] . For example, HMGB1 can function as an autophagy sensor in the presence of oxidative stress. Moreover, hydrogen peroxide and loss of superoxide dismutase 1 (SOD1)-mediated oxidative stress promotes cytosolic HMGB1 expression and extracellular release [21, 22] ; while inhibition of HMGB1 release or loss of HMGB1 decreases the number of autolysosomes and autophagic flux in human and mouse cell lines under conditions of oxidative stress. Additional evidence in support of a critical role for MHGB1 in autophagy have been provided from several sources [21] . Stimuli that enhance reactive oxygen species promote cytosolic translocation of HMGB1 and thereby enhance autophagic flux [13] , and HMGB1 directly interacts with the autophagy protein Beclin1 and displaces Bcl-2. Mutation of cysteine 106 (C106), but not the vicinal C23 and C45, of HMGB1 promotes cytosolic localization and sustained autophagy [23] . This absence of an effect upon vicinal C23 and C45 of HMGB1 appears to be a critical factor in this process, as the intramolecular disulfde bridge (C23/45) of HMGB1 is required for binding to Beclin1 and sustaining autophagy [24] . Further evidence demonstrating a role for HMGB1 in autophagy has been provided from a study showing that a pharmacological inhibition of HMGB1 cytoplasmic translocation, as achieved with the use of ethyl pyruvate, limits Immunofluorescence was used to detect LC3 dots in in AML12 cells; C: The data were quantified by counting the number of autophagosomes per cross-sectioned cell; ***P<0.001 vs siRNA-NC group. D: The levels in levels of HMGB1 in AML12 cell supernatants; E: Immunofluorescence was used to detect LC3 dots in in AML12 cells; F: The data were quantified by counting the number of autophagosomes per crosssectioned cell; ***P<0.001 vs IR group. G: The levels in levels of HMGB1 in AML12 cell supernatants; H: Immunofluorescence was used to detect LC3 dots in in AML12 cells; I: The data were quantified by counting the number of autophagosomes per cross-sectioned cell; **P<0.01，***P<0.01vs Ad-IRF-1 group. siRNA-NC: negative control siRNA. Every experiment was repeated three times.
Cellular Physiology and Biochemistry starvation-induced autophagy [13] . Thus, endogenous HMGB1 is a critical pro-autophagic protein that enhances cell survival and limits programmed apoptotic cell death. The findings that interferon regulatory factor-1 (IRF-1) mediates the release of HMGB1 in endotoxemia as shown in mice, encouraged us to examine this factor in our study. In IRF-1 KO mice, IRI appeared to be ameliorated as assessed by H&E staining. As compared with IR (WT) group, the levels of HMGB1 mRNA were decreased in IRF-1 KO group. Knockout of IRF-1 can dcrease of HMGB1 protein and release of HMGB1 in the liver tissue. IRF-1 KO mice experienced less mortality, and released less systemic HMGB1 compared to their WT counterparts. Exogenous administration of recombinant HMGB1 to IRF-1 KO mice returned the mortality rate to that seen originally in IRF-1 WT mice. In cultures of peritoneal macrophages or RAW264.7 cells, an in vitro administration ofLPS induced HMGB1 release in an IRF-1 dependent manner. The JAK-IRF-1 signal pathway appeared to participate in the signaling mechanisms of this LPS-induced HMGB1 release by mediating acetylation of HMGB1. IRF-1 plays a role in LPS induced release of HMGB1 and therefore may serve as a novel target in sepsis [25] . IRF-1 contributes to caspase-1 activation and apoptosis-associated speck-like protein containing a caspase activation and recruitment domain pyroptosome formation in AMs and leads to downstream inflammatory cytokine release, including that of IL-1beta, IL-18, and HMGB1. The nuclear translocation of IRF-1 is linked to the presence of TLR4. Our findings suggest that pyroptosis and the downstream inflammatory response in AMs induced by LPS is a process that is dependent on TLR4-mediated up-regulation of IRF-1. In this way, IRF-1 plays a key role in controlling caspase-1-dependent pyroptosis and inflammation [26] .
Treatment of mice with GA resulted in inhibition of IR induced hepatocyte edema, congestion and apoptosis as compared with that of the non-GA treated IR group. Moreover, serum AST and ALT levels were decreased relative to that observed in the IR group. While levels of HMGB1 mRNA were unchanged in response to GA, as compared with that of the IR group. GA was effective in inreasing HMGB1 protein levels and inhibiting release of HMGB1 in liver tissue.
It is well known that excessive release of HMGB1 in cancer leads to unlimited replication potential, an ability to develop blood vessels (angiogenesis), evasion of programmed cell death (apoptosis), self-sufficiency in growth signals, insensitivity to inhibitors of growth, inflammation, tissue invasion and metastasis [27] [28] [29] . In t reviewing these effects, we considered some of the mechanisms by which HMGB1 regulates apoptosis and autophagy in glioma [30] . Treatment with 58-F effectively rescued hepatocytes by suppressing the PLCgamma1-IP3R-SOC signalling pathway and decreasing the calcium concentration in cells, thus reducing HMGB1 release [22] . HMGB1 plays a critical role in the development of ICHinduced secondary injuries through the amplification of plural inflammatory responses; and, an intravenous injection of neutralizing anti-HMGB1 mAb has been shown to have potential as a novel therapeutic strategy for ICH [31] . As pro-inflammatory signaling pathways are activated by the interaction of released HMGB1 with its receptors, a disruption of this process represents an essential component for mitigating tissue damage afer organ IRI [3] .
In conclusion, we have demonstrated that inhibition of IRF-1 or nuclear HMGB1 release by GA significantly protects the liver against IRI by directly reducing HMGB1 release. Moreover, the use of this strategy for therapy would most likely avoid the increased susceptibility to cellular death that results from the complete deletion of 
